ABSTRACT: Introduction: Patients presenting with symptoms of pain/paresthesias primarily in an ulnar nerve distribution may be noted to have exclusive median mononeuropathy at the wrist on subsequent electrodiagnostic testing. There has been limited research looking at the prevalence of this clinical presentation. Methods: A cohort of adults were surveyed to assess for severity and localization of hand symptoms using the Katz hand diagram and Boston Carpal Tunnel Questionnaire Symptoms Severity Scale. Thirty volunteers met our case definition for ulnar neuropathy and underwent a standardized physical examination, electrodiagnostic testing, and nerve ultrasound. Results: Eleven of 30 subjects (37%) were found to have exclusive median mononeuropathy at the wrist. Discussion: Carpal tunnel syndrome should remain high on the differential for patients presenting with symptoms of pain/paresthesias primarily in an ulnar nerve distribution.
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Muscle Nerve 59: [60] [61] [62] [63] 2019 Median mononeuropathy at the wrist (MNW) is the most common entrapment neuropathy of the upper extremity, and ulnar neuropathy at the elbow (UNE) is the second most common. 1 Symptoms of pain and/or paresthesias in carpal tunnel syndrome (CTS) are typically seen in the median nerve distribution, but it is common for patients to report symptoms outside of this distribution. [2] [3] [4] In particular, symptoms in the ulnar nerve distribution may be seen.
Less well described is the clinical presentation of MNW presenting primarily with symptoms more commonly associated with ulnar neuropathy, such as pain, paresthesias, and/or numbness in the ring and small fingers. Earlier studies looking at the prevalence of extramedian symptoms in CTS have initially enrolled subjects with electrodiagnostically confirmed MNW or enrolled subjects with predominantly median nerve distribution symptoms rather than identifying subjects with predominantly ulnar nerve distribution symptoms. Studies have also primarily utilized only electrodiagnostic testing, and not ultrasound testing, to rule out the presence of an UNE, which may have altered the subsequent findings.
In this prospective study we sought to determine the prevalence of subjects with MNW who present with symptoms of pain and/or paresthesias primarily in an ulnar nerve distribution.
METHODS
We obtained institutional review board approval before study onset and all patients signed informed consent. A cohort of adults between 21 and 75 years of age and residing in the St. Louis metropolitan area were surveyed between August 2014 and January 2015. To prevent selection bias, the screening survey was described to potential subjects as an assessment for general health and well-being. Enrolled subjects completed a computer-based survey that evaluates the presence, localization, and severity of hand symptoms with a Katz hand diagram. 5 The degree to which enrolled subjects were impaired by his or her symptoms was measured using the Boston Carpal Tunnel Questionnaire Symptoms Severity Scale (BCTQ-SSS). 6 Basic demographic data and general health assessment were also obtained.
Ulnar neuropathy case definition was BCTQ-SSS score greater than 2 and localization of symptoms (pain and/or paresthesias) primarily in the small and ring fingers. Subjects subsequently underwent a standardized physical examination, electrodiagnostic testing, and ultrasound of the ulnar nerve at the elbow. All data were collected and managed using the REDCap (Research Electronic Data Capture) research and data management system.
The physical examinations were performed by a hand fellowship-trained orthopedic surgeon (D.A.O.), who was blinded to the subjects' symptomatic or asymptomatic status. The presence or absence of hand symptoms (pain and/or paresthesias) primarily in an ulnar nerve distribution was confirmed. Testing of upper extremity strength, sensation, and range of motion was performed, in addition to ulnar nerve provocation tests (elbow flexion test and Tinel test at the cubital tunnel).
The electrodiagnostic and ultrasound examination were performed by a physical medicine and rehabilitation physician (B.S.C.) board certified in electrodiagnostic medicine and certified in musculoskeletal sonography (RMSK ® ), who was blinded to subjects' symptomatic or asymptomatic status.
Electrodiagnostic testing was performed according to the guidelines of the American Association of Electrodiagnostic Medicine, 7, 8 using a Cadwell Sierra Summit (Cadwell, Kennewick, Washington) electromyography (EMG) machine. Adequate limb temperature of at least 32 C was ensured at the beginning of the study and maintained throughout the study. The following nerve conduction studies (NCS) were performed in all subjects: median motor NCS to the abductor pollicis brevis (8 cm); median antidromic sensory NCS to the index finger (14 cm); ulnar motor NCS to the abductor digit minimi (8 cm) and to the first dorsal interosseous; and ulnar antidromic sensory NCS to the small finger (14 cm). Ulnar motor nerve conductions were performed with the elbow in 90 of flexion. Below-elbow and above-elbow stimulations were performed 3 cm distal and 7 cm proximal to the medial epicondyle, respectively. If the median antidromic sensory NCS was normal, a comparison NCS of the median and ulnar mixed nerves across the wrist (8 cm) was performed. If these resulted in borderline results, a complete combined sensory index was performed. Additional NCS testing was performed as needed based on the results of the initial NCS tests. Subjects were considered to meet electrodiagnostic criteria for an UNE if they had absolute motor nerve conduction velocity from above elbow to below elbow of less than 50 m/s, and/or an aboveelbow-below-elbow segment greater than 10 m/s slower than the below-elbow-wrist segment, and/or a decrease in compound muscle action potential negative peak amplitude from below elbow to above elbow of greater than 20%. A cervical radiculopathy screen was performed on all subjects. The deltoid, biceps, triceps, pronator teres, extensor digitorum communis, and first dorsal interosseous muscles were tested in all subjects, with additional muscles examined as needed based on the results of the NCS and initial needle EMG results.
Subjects found to have MNW on electrodiagnostic testing were assigned an electrical severity. Mild severity was defined as a prolonged distal sensory latency and/or median mixed nerve latency with normal distal motor latency. Moderate severity was defined as prolonged distal sensory latency (and/or median mixed nerve latency) and prolonged distal motor latency (<6.5 ms). Severe severity was defined as an unobtainable median sensory nerve action potential, prolonged distal motor latency (>6.5 ms), and/or thenar muscle abnormalities on needle EMG.
All ultrasound testing was performed on an ultrasound machine (uSmart 3200 T; Terason, Burlington, Massachusetts) with a 15-MHZ linear transducer. Ultrasound testing of the ulnar nerve was performed with the patient in a supine position with the elbow flexed at approximately 90
. Dynamic ultrasound was performed to identify presence of ulnar nerve subluxation/dislocation during elbow flexion. The ulnar nerve was scanned along the short axis/transversely from midarm to mid-forearm. The area of maximum cross-sectional area of the ulnar nerve across the elbow was identified. Nerve size was measured within the hyperechoic rim of the nerve, using the free-hand trace function of the machine. The maximum cross-sectional area was recorded, in addition to the cross-sectional area 3 cm distal and 7 cm proximal to the medial epicondyle. The maximum cross-sectional area of the contralateral ulnar nerve across the elbow was also recorded. The ulnar nerve was scanned along the long axis as needed to confirm area of maximum nerve enlargement. A normal ulnar nerve cross-sectional area was defined as less than or equal to 10 mm 2 . 9-12 Subjects with a maximum cross-sectional area of greater than 10 mm 2 were considered to meet ultrasound criteria for UNE. From among various nerve measurements, cross-sectional area has shown good diagnostic accuracy and is commonly used in the diagnosis of UNE.
13,14

RESULTS
Thirty subjects met our case definition of ulnar neuropathy, and all were included. Twenty-one subjects (70%) were female, and their average age was 52.6 (standard deviation 10.5) years. Twenty-one (70%) were white/Caucasian and 9 (30%) were black/African American. No subject had a history of surgery involving the median or ulnar nerves. Table 1 shows the results of electrodiagnostic and ultrasound testing. Eleven of 30 subjects (37%) had exclusive MNW based on electrodiagnostic criteria. Nine subjects (30%) had UNE based on electrodiagnostic and/or ultrasound testing. Of these 9, 6 had UNE based on ultrasound criteria only and 3 subjects had UNE based on both electrodiagnostic and ultrasound criteria. Of these 3, 1 subject also had a coexistent C5-6 radiculopathy. Two subjects (7%) were found to have UNE based on ultrasound criteria with coexistent MNW based on electrodiagnostic criteria. Eight subjects (27%) had normal electrodiagnostic and ultrasound testing.
DISCUSSION
Our study has shown that 37% of subjects presenting with primarily ulnar nerve distribution symptoms had exclusive MNW on subsequent electrodiagnostic and ultrasound testing.
Gupta and Benstead found, that among 37 patients (52 hands) meeting electrodiagnostic criteria for MNW, 33% had symptoms solely in a median nerve distribution. 2 Forty percent had symptoms in the whole hand and 4% had symptoms solely in an ulnar nerve distribution. Stevens et al. found that, among 100 patients (159 hands) meeting the electrodiagnostic criteria for MNW, 6.3% reported the most affected digit as the little/ring finger. 3 No single finger was most affected (i.e., whole hand was affected) in 42.2%. Zanette et al. found that, among 111 patients (165 hands) meeting the electrodiagnostic criteria for MNW, median nerve distribution was found in 60.6%, glove (i.e., whole hand) distribution was found in 35.2%, and ulnar nerve distribution was found in 4.2%. 4 Our findings suggest that the prevalence of CTS presenting with symptoms of pain and/or paresthesias primarily in an ulnar nerve distribution may be higher than previously believed.
Our study differs from earlier studies on this subject in several ways. Previous studies recruited patients with primarily median nerve distribution symptoms or recruited patients who already had electrodiagnostic evaluation confirming MNW. We recruited subjects with primarily ulnar nerve distribution symptoms who were subsequently found to have exclusive MNW. Our study also focused on symptoms primarily in an ulnar nerve distribution, whereas the other studies assessed any symptom outside the median nerve distribution. In addition, our study differs in its use of ultrasound to further exclude the presence of an UNE. An increased maximum cross-sectional area of the ulnar nerve across the elbow has been shown to have high diagnostic value in UNE. [13] [14] [15] [16] [17] [18] [19] [20] [21] Further, an abnormal ultrasound can be seen in the setting of normal electrodiagnostic testing. 21 Adding ultrasound to electrodiagnostic testing can increase the sensitivity of diagnosing UNE. 15 Several mechanisms have been proposed to explain why patients with CTS can have symptoms primarily in an ulnar nerve distribution. Zanette et al. found that extramedian spread was associated with higher levels of pain and paresthesias, and suggested that central nervous system mechanisms of plasticity may underlie spread of symptoms. 4 Tecchio et al. found that, in patients with unilateral CTS, changes of affected hand cortical representation may occur in the contralateral hemisphere. 22 The authors hypothesized that cortical aberrant reorganizations may provide a physiological explanation in patients experiencing persistent symptomatology despite successful carpal tunnel release. Other possible explanations are anomalous innervation or unrecognized ulnar neuropathy or cervical radiculopathy despite electrodiagnostic and sonographic testing.
The presence of MNW on electrodiagnostic testing does not necessarily infer that the patient has CTS.
Limitations of electrodiagnostic testing are well established. The rate of false positives for MNW has been reported to be as high as 18% with electrodiagnostic testing. 23 Conversely, false negatives may also occur and have been reported to be as high as 10%-20%. [24] [25] [26] [27] Our sample consisted of subjects with symptoms of hand pain and/or paresthesias, a BCTQ-SSS score greater than 2, a physical examination unlikely for cervical radiculopathy, and electrodiagnostic/sonographic testing negative for ulnar neuropathy. Although other explanations remain possible, the presence of exclusive MNW on electrodiagnostic testing would arguably place CTS at the top of the working differential diagnosis. However, an unrecognized ulnar neuropathy or C8 radiculopathy still remains on the differential given the known limitations of electrodiagnostic and sonographic testing. The sensitivity of electrodiagnosis for UNE (78%) is much lower than for MNW. 28 The false negative rate of ultrasound has been reported to be as high as 20%. 27 Given these limitations associated with electrodiagnostic and sonographic testing, caution should be used when drawing conclusions from the study results. EDx, electrodiagnosis; Y, yes; N, no; US, ultrasound; CSA, cross-sectional area.
Our study has several limitations. First, the small sample size limits the generalizability of the results. Second, the study results may have been further enhanced by ultrasound evaluation of the ulnar and median nerves at the wrist. Third, although the electromyographer/sonographer was blinded to whether the subject was symptomatic or asymptomatic, he was not blinded to the results of ultrasound, because the ultrasound was performed immediately before the electrodiagnostic testing.
In conclusion, CTS should remain high on the differential for any patient presenting with symptoms of pain and/or paresthesias primarily in an ulnar nerve distribution.
